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I. Introduction

Acceptance criteria for the field quality of doubler dipoles have
been set up for multipole components up to and including the decapole.
In addition, criteria for |ABy/Bo] and IBX/BO[ on the median plane
at x = #0.5% and *1" have been in use so far. These criteria on the
overall flatness of dipoles are based on a purely pragmatic reasoning
and do not come from requirements of beam dynamics. If a dipole satis-
fied all criteria on multipole components but did not meet the flatness
criteria, this magnet would be installed at a place where both Bh and
the momentum dispersion parameter are small. The practice up to now
has been to be firm but flexible and reasonable in judging each magnet
for the final acceptance. Admittedly, the procedure is partially sub-

jective and the final decision inevitably depends on many factors.

The question of field flatness has been brought up by Alvin Tolles-
trup and Tom Collins recently and there was a meeting (December 1llth) to
discuss this somewhat ambiguous matter. It was clear (to me at least)
that they entertained a possibility of momentum stacking in addition to
the desirability of having a flexibility to move the beam in and out.
Once we start taking this seriously, we may have to reevaluate the cor-
rection system or we may have to demand doubler dipoles of much better
field quality. Neither prospect is a welcome thing for us at this time
and the final decision can be made only by the PMG. The purpose of this
note is to present available data on the question of flatness or, equiv-
alently, data on the local multipole fields. After some discussions at
the meeting on December 1llth, it was more or less agreed that we should
look at the field errors at *0.8" and the local field gradients at 20.5".
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In evaluating the field, the contributions from the quadrupole (normal
and skew) and the normal sextupole components will not be included since

they are expected to be compensated for by the correction system,

1,2 expects Ap/p = 0.2%

The momentum stacking proposed by T. Collins
with the maximum value of dispersion parameter at around 10 m. There-
fore, the beam can be at x = #0.8" but the average radial beam position

in dipoles will be 3mx(+0.2%)=%0.25".

It is difficult to define the boundary of the area within the bore
tube in which the beam should survive. If the momentum stacking is the
only consideration, one would look at local field errors, local field
gradients and, possibly, local sextupole fields within x =%0.3" and
y =+0.15". For this case, skew sextupole and octupole fields will be
the dominant components and the addition of corresponding correction sys-
tem will improve the field substantially. If the area of our interest
extends to x = #0.8", higher-order natural multipoles (l4-poles, 18-
poles, etc.) will make significant contributions and one may get the im-
pression that the addition of skew sextupocle or normal octupole correc-
tion system makes very little difference. One may even begin to contem-
plate a correction system which is not based on the multipole decomposi-
tion (something similar to the ISR system). The "proper" value of y
is even more difficult to decide. Ordinarily, one would not think of a
closed orbit which is displaced vertically by 0.5"; if one must consider
the stability of such an orbit, many new problems would come up and the
whole thing is likely to be an entirely new ball game. I mention these
points before presenting data so that we are all aware of pitfalls asso-
ciated with the interpretation of data. If a decision to do (or not to
do) something is to be made based on the data, that decision must neces-

sarily be of a soul-searching nature.

II. Data

Data from forty-one dipoles have been used and the dipoles are:



-3 - UPC No. 118

1. accepted (16) 207 210 211 213 214 215 222 224 226
233 234 235 236 238 241 242

2. rejected (6) 200 218 219 221 223 239

3. undecided (13) 201 203% 216 217 220 237 243 244 245

246 249 254 256

4. long cryostat (6) 202 203% 204 205 206 208

*
TA0203 is counted twice, with a long and a short cryostat.

" normal ‘field: b, = (B, - B)/B,  in 107*
skew field: b, = B_/B, in 1074
normal gradient b§ = Bby/ax in 10—4/inch
skew gradient bé = Bbx/ax in 10—4/inch

All data are at (nominal) 4,000A and bl=b2=al=0 is always assumed. It

is possible to accumulate many tables and figures but the following cases

are presented here:

Table 1. x = £0.8", y =0 with and without correction for a, (skew

sextupole field); 41 dipoles.
Table 2. same as Table 1, 16 accepted dipoles only.
Table 3. x = x0.5", y = 0, otherwise same as Table 1.
Table 4. same as Table 3, 16 accepted dipoles only.

Table 5. x = *x0.5", vy

:0.25", otherwise same as Table 1.
Table 6. same as Table 5, 16 accepted dipoles only.

Table 7. x = x0.3", vy
41 dipoles.

0; effects of b3, b a2, a., and a4;

4’ 3

Table 8. same as Table 7, 16 accepted dipoles only.
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Quantities listed in each row are:

l. average value
2. standard deviation
3. number of magnets beyond one standard deviation

4. number of magnets beyond two standard deviations

ITT. Comments

Tom Collins commented that, in establishing criteria on the field
flatness, there should be some guidelines based on the beam dynamics in-
stead of relying exclusively on pragmatic considerations. If the ideal
closed orbit with Ap/p # 0 is considered to be on the median plane ( y =
0 ), effects of by' bx' Bby/ax and Bbx/ax on the closed orbit can be
estimated in the conventional manner. It will be particularly instruc-
tive to compare the field quality at various values of x # 0 (with the
correction bl=b2=al=0) with the field quality at x = 0 without any cor-
rection. 3

1) average by

This shifts the closed orbit as a whole radially. The effect is
very small even at x = *0.8".
2) average bx

With bx = 1, the maximum vertical excursion of the orbit is 0.68mm

and the rms excursion is 0.34mm. The effect is negligible since |(bx)avl
< 0.7 for |x| < 0.8".

3) fluctuations in by and bx

Expected closed-orbit distortions are (assuming v = 19.4)

radial: <Ax>

100m,

9.0mx<b > at By

vertical: <Ay> 9.lmx<bx> at B 100m.

v

By taking twice the rms value, one can probably gain (80485)% confidence
+0.8" but

level. The distortions may not be entirely negligible at x



they are certainly very small at x = *0.5" or less.
4) average Bby/ax

The corresponding parameter at x = 0 is bl (normal quadrupoles)
and it is approximately - 1 (without any correction). It is possible
that the average value of Bby/ax would change somewhat as we continue
to accumulate the dipoles. Nevertheless, the tune shifts are large at
Ix|>0.5". They are safe at x = #0.3".

AVX = 0.llx(8by/8x)av ' Avy = -0.12><(3by/8x)aV

5) fluctuation in Bby/ax

This drives the resonances 2vx = n and 2vy =n. At x = 0 with-

out any correction,

(b = 1.47 (at 4,000R)

(b, /%) ci 9. dev.” P1)std.dev.

The corresponding full resonance width (rms) is 0.013. This is similar

to the situation at x = +0.5" with the correction for bl’ b2 ( a; is
immaterial). With y = 0.25", the width becomes twice as large.
6) average abx/ax

This drives the resonance v_ - v = 0. At x = 0 without any cor-

X y
(BbX/BX) av 7 (al)

rection,

av - -0.27 (500A) to 0.12 (4,000a)

Although there will be a sizable coupling even at x = *0.3", this reso-
nance by itself should not be too harmful to the beam.

7) fluctuation in Bbx/ax

This drives the resonance Vo + vy = n. At x = 0 without any cor-

rection,

(BbX/Bx) = 1.9 (4,000a)

std. dev. ~ (al)std. dev.

Again this is more or less what we have at x = +0.5" with the correction

for a ( bn corrections immaterial).

1
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The impression one gets from these data is that the beam will sur-
vive if the closed orbit is confined to |x|< 0.3" and |y| < 0.2". If
we are lucky, this may be extended to |x|= 0.5" but definitely not more
than that. From Tables 7 and 8, one sees that the addition of skew sex-
tupole correction alone cannot extend the area. Order=of-magnitude im-
provements are possible with b4 (normal decapole) and aj (skew octu-

pole) corrections. This is more than I anticipated in the Introduction.
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Table 1. x = z20.8", vy = 0; with and without correction for

a, (skew sextupoles); 41 dipoles.

2

a, # 0 a, =0

¢ ZAMPLE MUMEER = 41 IAMPLE MUMEER = 41 i

Mok oYME D.80 0,00 IMCH X B YD Q.30 00 INCH
~BY: —0.5255 g.270% 14 2 BEY: -—0.5255 B.ET0 14l 2
FBH:  —D.8S544 1.4853 8 3 Bx: -0,2BF0  1.3205 10f@
BYP: -&2.7114 4.2241 1o 3 B¥vP: ~=,.7114 4.2241 16 3
BxP: -1.5425 S.ex5% 10 = BxP:  —0.€240 L4193 1Ez_8:

a, # 0 a, =0
SAMPLE MUMEER = 41 IAMPLE MOMEER = 41

.00 IMCH |
1. 0045

(O vt

|.£| L]

Mok OYD O —-0.80 O, 00 INCH

)

BY:

[
-

CBYER O 0.09%3 1.0045 15 2 L. 053

BR: -0.2103 1.6478 10 2 Br:  0.1570

BYF:  S.9670 4.7382 16 1 BYP:  3.3&70 ez
&, O7a7T 3 ExF: -0.Z21329 i S S

BxpP: 0. 7 Odes 10

Table 2. same as Table 1, 16 accepted dipoles only.

a, #0 a, =0
SAMFLE MUMEBER = 18& TAMPLE MUMEER = 16

!
#oE YR H.zd G. 00 IMCH WoRoMs HaS0) o, an IHCQ
B¥: —0.3135% 0.3204 4 0 EY: —0.3135 d.3E04 4 0
Bx: -0.4911 el 401 Bxs -0, 2177 1.3277 51 1
BYF: —7.E025 gas=s 50 BYF: ~F.EI25 4,293 51 0
BEP:  —1.0746 ke N ExF:  —0.6411 S.820% &1

a2¢0 a2=0
ZAMFLE HUMEER = 15 ZAMPLE HMIJMEER = i&

A R Y ~-0.30 O.00 IMCH b fr =0 S0 O.00 INCH
Ev's . 1470 g.2¥v01 51 EY: {.1470 0LEFOL 51
Exs n.1225 .44V = 2 Rz 0. 3259 1.4159 31 1
EvP: S.7168 4.2142 3 0 BYF: S.T188 4.2143 S0
BrP:  —0.4302 3.7140 3 2 ExF: -i0,3637 sS.vev0 301
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Table 3. x = =0.5", vy = 0; with and without correction

for a, (skew sextupoles); 41 dipoles.

az#o a2=0

ZAMFLE MUMBER = 41 =HMPLE MUMEER = 41

Mg ?: 0.50 .00 INCH wo&orE 0,50 G.on
EY': . DEns 0.1524 14 EY's . 0305 He 1524
BX: —H.-:1= 0,407 i a0 D.3028
EvFP:  0.3213  1.107% 1 ByP:  .3213 1.1078
BHF:  ~1.0887  2.1446 = 1.8570

0T 0
LWL o
[a2]

a, # 0 a, =0

SOk oYe —0.50 l:l. o0 IMCH
Bys n.161%

[}

- ‘ : 1 J.00 IN
. 1! o 14 E . g - - —
- BK: o —0.0%11 0 0.4565 12 3 g': J'é:i: nelresl
BYP:  -1.1595  1.2937 15 1 Br _q is:a i.3182
BuFs O.28110 Z.E9Es 10 2 Bre: ~1.1555 1.2337 1
- e s BxF:  -0.2931 1.3570

Table 4. same as Table 3, 16 accepted dipoles only.

a, # 0 a, = 0
ZRMFLE HUMBER = 15 IRMFLE HUMEER = 16

P .Sn 0.0 IMCH W . S Q.00 IMEH
EY: 0. 0a7d . 163910 0T o 1Ean

E=z . 15585 .479:

EYF: u.ﬁnnn 1.1991

EWF:  —0.824% 25127

0.5=060 1.19;

-, 3559 1.945

N0 n
- E=)

[T O PR |
oo

[y
mom

a, Z 0 a, = 0
THMFLE MUMEER = 1 ZAMFLE MHUMEER = 16

o

owo Y =0.50 ., 00 IMCH Ak YT —0.50 0.0 IMCH
BY: 0. 1847 n.1sze 51 Bus L1547 B.1322 3
Exs de 0091 0.273% 4 1 Bt 0. 07aE 3. 3226 2
EvF: -1.211% 1.0980 5 1 EvF: ~1.211% l.3aid 5
Bxfs  —0.157E 2. 0523 5 &8 ExF: —0.4887 1.2265 &




Table 5. x = *0.5%,
for a, (skew sextupoles); 41 dipoles.

a, #Z 0
ZAMFLE HUMEER = 41

Wopote 0.50 g.25 IMCH

BY: n.1614 D.S040 =
Bt 0. 0165 0.=2007 13
EYVF:* 1.:»“1 2. 0820 12

Bi«F: . 3854 z.21i13 3

a, # 0
ZAMFLE HUMEER = 41

WodoWr —=0.50 0.25 INCH
BY': -3.1320 . o058 10
des —0.3932 0.3130 12

EYP: —0.%341 2.3183 10
EBxF: 2. 0208 : '

Table 6. same as Table 5,

a, # 0

ZAMFLE HMHUMEER = 16

“OR YT 0,50 .25 IMCH
BY': 0. 0378 D.5%50 3
Bxi 0. 1227 0.3342 32
EY'F: 1.33214 Z.41z0 4
BAF: 1.34400 2.5173 =

a, # 0
SHMPLE MUMEER = 16

Y1 o -0.51 |:| 25 IMCH

BEv: -0, 0S44 4753 i
B -0, 3542 0.31832 4
EvF: —1.282865 ol N9 3
BEF: Z.7rcn .37 4

(TR LRI I

03 T e ()

N

Feb T e

JPC No. 118

with and without correction

a,. =40

ZAMFLE MUMEER = 41

.25 IHCH
0.3213 -
“I C41 =

;
Jm

B ‘.‘.‘ 3
Ex:
BYVP
BiF :

as »
— "-. P,
s
IT: I:Fl

JJJJJJJ

ZAMPLE MUMEBER = 41

i T o —=0.S0 0.25 IHCH
Ey: ~0. 035 J.3473 i
Bs: —0.2%15 da 2658
BYP: -1.2212 c. 1432
BEFs c.d3es c. 1867

16 accepted dipoles only.

[
i
=
m
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m
=
i
m
q
[0}
-
iT

E: '.l.'
Eis !
EvP: 1._,rn
ExF: 1.7105

o

w8 YT ~0.S0 0. 25
Ev': 0133 0. 4555
Bz -0, 20503 . 2=
EvpP: -l.4c2240 = )
ExPe .ot Ca. 147D
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effects of higher-multipole corrections.
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.3n,
16 accepted dipoles only.
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Addendum to "FIELD FLATNESS OF DOUBLER DIPOLES"

S. Ohnuma
December 27, 1979

The second meeting to discuss the subject was held on December 2lst.
Although the importance of normal decapole and skew octupole was gener-
ally recognized, there was no conclusion as to what we should do to en-
large the usable aperture of dipoles. Since the condition b4=a3=0 can-
not be realized with the addition of correction magnets, the desirabil-
ity of making detailed numerical computations with a realistic correc-
tion system became clear during the discussion. The computer program
developed by Al Russell can handle the problem and any decision on our

future plans should be made after his results became available.

The purpose of this addendum is to supplement the statistical in-
formation given in UPC No. 1ll8 in order to clarify two questions raised
in the second meeting. The first is the field quality of the ideal di-
pole ("Snowdon dipole") and the second is the improvement one can expect

from the b4 and a., corrections beyond 0.3".

3

A. Ideal Dipoles

The following numbers are based on the information given in the
Design Report (May 1979), p. A23, "Integrated Multipole Structure of E-
Series Dipole", calculation mode = 1:

ah © b2n+l =0
b2= 0.039 b4= 1.037 b6=~4'435
b8=’_12'09 b10=‘3.634 b12 -0.822
bl4= 0.069 bl6=_0.03l bls— -0.044

The unit for b is 10_4/(inch)n.
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Multipoles are apparently chosen such that the "flat" field extends to

v 0.8". In achieving this, the nonlinear field ABy(y=0) is made to van-
ish at |x| = 0.78" by balancing contributions from various multipoles.
The local gradient aBy/Bx on the median plane, which is an odd function
of x, is positive for x < 0.66" and negative beyond that. As a conse-
quence, if one is interested in the field and the gradient for |x|< 0.5",
the contribution from b4 (which is designed to be non-zero) to the local
~gradient is not entirely negligibide and one would rather like to have

b4 = 0. Fig. 1 shows ABy and BBy/Bx on: the median plane with b4 = 1.04

x10—4/in2 and with b4 = 0. For example, at x = 0.5",

if b, = 1.04x10"%/in?,
8B, /3% = 0.70x107%B_/in, Av = £0.08
if b4 = 0,
3B, /3% = 0.18x107%B_sin, Av = z0.02.
Beyond |x| = 0.62", the ideal dipole is superior to the one with b,=0
if the resulting Av is used as the criterion. If |AB | is used, it is
better beyond |x| = 0.73". Presumably, as we accumulate dipoles, the

average value of b4 will approach the design value®*. If the game is to
improve the field quality for |x|< 0.6", one may conclude that a correc-
tion system is needed to make b4 = 0. On the other hand, the spirit of
the design, which is completely justifiable, was to make the field flat
as much as possible to [x|= 0.8" and b, = 1.04 is a consequence of this
design philosophy. I must again emphasize the point that, unless we have
a definite idea on what we want, arguments on the field flatness will be

meaningless. One cannot play a game without knowing its rules.

B. Improvement with b4 = 0 and aj = Q beyond 0.3"

Fig. 2A. average value of ABy(y=0)
There is no effect coming from b4=0. Note that, up to 0.7%,

* For 16 accepted dipoles, (b
1.056(4,000A).

4)av = 1.334(500A), 1.312(1,000A), and
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(ABy)aV is less than what one should expect from the ideal
dipole (see Fig. 1, upper figure).

average value of B_(y=0)

Effect of a3=0 is substantial to x=0.8".

average value of BBy/Bx (y=0)
No effect from b4 = 0. Again the situation is better than

the ideal case up to x = 0.6" (see Fig. 1, lower figure).

average value of BBx/Bx {(y=0)

Effects of a.=0 are substantial to x = 0.8".

3
standard deviation of ABy(y=0)
B_(y=0)
" 9B_ /9 =0
y/X(y )
" BBX/BX (y=0)

One may conclude from these figures that, with b4=0 and a3=0,
the field flatness is extended from 0.3" to (0.6"~0.7").

Can we tighten the criteria for b4 and /or a3?

Here I use 42 dipoles (one recently measured dipole added). If all

other criteria are disregarded and

1.

if |ag|< 2 is strictly enforced, 30 pass
if |ag|< 1 " ’ 14 pass
if |b, - 1l.<2 " ] 26 pass
if |b, - 1.[<1 " 12 pass
if |ag|<2 and |b,-1.|<2 ", 16 pass
if |ag|<l and |b,=1.[<1 "o, 2 pass

What conclusion should be drawn from these numbers is not-a very diffi-

cult question, I believe.
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